In the long-term evolution (LTE) system, channel equalization makes compensation to restore the original signal, the paper puts forward iteration sphere decoding algorithm which combines traditional sphere decoding and the improved QR based on the conventional QR decomposition detection algorithm. It can effectively reduce the system complexity. At the same time, in QPSK and 16QAM, the simulation results show that the improved QR iterative sphere decoding algorithm performance is better with higher SNR in AWGN channel.
INTRODUCTION
In LTE (Long Term Evolution) system, in order to recover the transmitted signals, the receiver often uses signal detection and estimation methods to retrieve information from the received data. This process is referred to as channel equalization. Channel equalization is an anti-fading measures which taken in the communication system ,in order to improve the performance of transmission, the mechanism is to compensate for the channel in order to eliminate or weaken inter-symbol interference (ISI) which comes from the multi-path delay.
In recent years, a lot of the detection algorithms for channel equalization to recover the transmitted signal have been proposed. This paper expounds the principle of decomposition algorithm and improved QR decomposition iterative detection algorithm. An improved algorithm is presented by combining the QR algorithm with sphere decoding methodology. In addition, the improved algorithm will be compared with the Maximum Likelihood (ML) algorithm. This paper is organized as follows: the QR decomposition detection principles will be described in section 2. Section 3 will present the improved iterative QR decomposition detection method. The combination of sphere decoding methodology and improved QR decomposition detection method will be given in section 4. Section 5 shows the simulation results, whereas conclusions are drawn in section 6.
QR
Channel model:Y=HX+N.QR will decompose the channel impact response matrix H at (k, l). The result is nT*nT of the unitary matrix Q and nT*nT of the upper triangular matrix R, and then the matrix QH left multiplied by the received vector Y, after conversion. :
After decomposing the above matrix, we can obtain the following equations: First of all, apply a QR decomposition algorithm for signal detection. All the judgment results only retain the estimated value of the last detection layer and abandon the other layers of the estimated values. Adjust the channel impulse response matrix of a column vector, so that the final estimation value of the last detection layer corresponds to lower layer of the preceding detection layer.Make signal detection for the channel impact response matrix H which is adjusted using QR, and retain the last detection layer and adjusted to the next previous layer which is first detected layer, repeat the process until all of the symbols to be detected are completed. The basic steps are as follows:
(1)Use the traditional QR decomposition detection algorithm for the received vector Y, to obtain layers of Here to complete a sub-carrier signal detection, the same operation is performed on all sub-carriers in the time-frequency location to recover the complex-valued symbols in the transmitting side all of the resources in the particles.
4 Sphere decoding algorithm based on the improved QR iteration of the loop
The basic idea of sphere decoding is search multidimensional grid point in sphere of radius d and treat a vector x as centered, thereby reducing the number of points of the search by limiting or reducing the search radius, so that reduce calculation time. The advantage of sphere decoding algorithm is unnecessary like the conventional ML decoding algorithm to search all the grid points in the entire grid, but only need to be searched in a previously set limited spherical area, the search time will be greatly reduced if the number of points contained in the region is quite smaller relative to the total number of points within the entire grid.
Sphere decoding is to solve the following problems: 
The * indicates the conjugate transpose, and the right shift to the left:
Assume: ,
， bring this condition to the above formula will be: As known, he first and second of left formula is necessary condition, it can be launched the value space by the necessary condition： The improved QR improves the quality of the channel equalization greatly.
Simulation Results
Simulations have been done using MatLab, To compare the performance and efficiency of the above three algorithms. The simulation uses uniform conditions and simulation conditions and parameters are shown in table 1: the simulation based on the LTE system, the iterative number is 2000, symbol number of each transmitting antenna t=100. Where ML is the ⎥ ⎥ ⎥ ⎦ (13) maximum likelihood detection algorithm, rev-QR is improved QR decomposition iterative detection algorithm, SD is sphere decoding algorithm, rev-QR-SD is improved sphere decoding algorithm based on modified QR iterative algorithm.
The following four plots show that the result of simulation which using Monte Carlo simulation in the QPSK and 16QAM in two-input two-output and four-input four-output of MIMO transmission mode, it is BER of comparison between the maximum likelihood algorithm ( ML ), sphere decoding algorithm ( SD ), improved QR detection algorithm and proposed iterative sphere decoding algorithm based on the improved QR the algorithm to show the different performance with different algorithm. Figure 1 The performance comparison of QPSK, in 2*2 system By the graph 1, using QSPK ,in the condition of low SNR, the performance of the four algorithms are very close; from the medium to high SNR, it can be seen that, t, improved sphere decoding algorithm capability has better performance than other algorithms. in the high SNR, algorithms have the unanimous performance. Figure 2 The performance comparison of 16QAM, in 2*2 system Figure 2 shows that, using 16QAM algorithm, from the medium to high SNR, sphere decoding algorithm performance are improved much more obviously than the other three algorithms. figure 1 and figure 3, figure 2 and Figure 4 , with the antenna number increases, the performance of the four algorithms have the growing gap. In high SNR, with the antenna number increases, NR, improved sphere decoding have more obvious advantages.
CONCLUSIONS
Based on the traditional QR detection algorithm, this paper proposed an improved iterative QR decomposition detection method. The channel can make full use of the diversity gain of the last detection layer, which will result an improvement of the detection performance. In addition, the improved method was combined with the sphere decoding methodology to further enhance the system performance. Simulation results showed that the proposed QR iterative sphere decoding algorithm can not only significantly reduce the computational complexity， but also improve the system achievability.
